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DETAILED ACTION 

Claim Rejections - 35 USC § 103 

1 . The following is a quotation of 35 U.S.C. 1 03(a) which fomis the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or descrit)ed as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

2. This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 

3. Claims 16-22, 25-31, 54-55, 64-65, and 71-72 are rejected under 35 U.S.C. 
103(a) as being unpatentable over Ohmi (U.S. Patent Appl. Pub. No. 2002/0014666) 
("Ohmi I"), in view of Wolf et al., Silicon Processing for the VLSI Era, Vol. 1 , Lattice 
Press (1 986) ("Wolf 1"), in further view of Mintz et al. (U.S. Patent No. 5,61 8,282). 

4. As to claim 16, Ohmi I discloses a process for forming an insulating film on the 
surface of a substrate for electronic device, comprising: a second step of oxidizing the 
substrate (11) with plasma based on a second process gas comprising at least a rare 
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gas and oxygen (paragraphs 0090-0091), to thereby form an oxide film thereon (12A) 
(paragraph 0095; Figure 10A-1 OB). 

5. Ohmi I does not expressly disclose a first step of cleaning the substrate with 
plasma based on a first process gas comprising at least a rare gas. Wolf I teaches that 
scrupulously clean wafers are critical for obtaining high yields for semiconductor 
fabrication (page 514). Mintz teaches a cleaning step comprising treatment based on 
plasma based (column 1 , lines 15-18) on a process gas comprising at least a rare gas 
(column 6, lines 15-23). Therefore, it would have been obvious to one of ordinary skill 
in the art at the time the invention was made to include a step of cleaning, and the 
cleaning step comprises treatment based on plasma based on a process gas 
comprising at least a rare gas. One who is skilled in the art would be motivated to 
obtain a high yield and to adopt a method known to accomplish the task of wafer 
cleaning. 

6. Referring to the limitation of the cleaning and oxidizing steps are conducted in 
the same vessel without exposure of the substrate to air, it would be obvious for one 
skilled in the art to do so because the cleaning and oxidizing (or nitriding) steps are 
done on the same substrate and having a same rare. Also by doing in a same 
chamber, it would protect the substrate from contaminations from the ambient 
environment and save processing time since there would be no transfer step. 

7. Mintz teaches that the first step is perfomied using plasma processing (column 6, 
lines 15-25). Ohmi I teaches that the second step is performed using plasma 
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processing (paragraphs 0088-0091). Thus, the first and second steps are conducted 
under the same operation principle (plasma processing). 

8. As to claim 17, Mintz discloses that the first process gas comprises hydrogen gas 
(column 6, lines 21-23)," 

9. As to claim 1 8, Mintz does not expressly disclose that the first step is conducted 
at a pressure of 7-133 Pa. However, Mintz discloses a pressure of 5.33 Pa (40 mTorr) 
(column 6, lines 15-16). It should be noted that this pressure range is similar to 
Applicants' pressure. Therefore, it would have been obvious to one of ordinary skill in 
the art at the time the invention was made to use a pressure of 7-133 Pa. One who is 
skilled in the art would be motivated to use a pressure similar to 5.33 Pa, which is 
known to be effective for wafer cleaning. 

1 0. As to claim 1 9, Mintz teaches that the first step is performed using plasma 
processing (column 6, lines 15-25). Ohmi I teaches that the second step is perfonned 
using plasma processing (paragraphs 0088-0091). Thus, the first and second steps are 
conducted under the same operation principle (plasma processing). 

11. As to claim 20, Ohmi I discloses a third step to be conducted after the second 
step, of nitriding the oxide film with plasma based on a third process gas comprising at 
least a rare gas and nitrogen (paragraph 0092). 

12. As to claim 21 , Ohmi I does not expressly disclose a fourth step to be conducted 
after the third step, of treating the oxide film with plasma based on a fourth process gas 
comprising hydrogen gas. However, Ohmi I discloses that the nitride layer formed in 
the third step may be formed with a mixed gas of nitrogen and hydrogen to reduce the 
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trapping of electrons or holes in the film (paragraphs 0077, 0092). Moreover, case law 
has held that the transposition of two steps or the splitting of one step into two steps, 
where the processes are substantially identical or equivalent in terms of function, 
manner and result, does not patentably distinguish the processes, Ex parte Rubin, 128 
USPQ 440 (Bd. App. 1959); MPEP § 2144.04 (IV)(C). Ohmi I simultaneously forms and 
treats the silicon nitride film with nitrogen and hydrogen (paragraphs 0077, 0092). 
Thus, Applicants' fourth step to be conducted after the third step, of treating the oxide 
film with plasma based on a fourth process gas comprising hydrogen gas is the splitting 
of one step into two steps, where the processes are substantially identical or equivalent 
in terms of function, manner and result. Therefore, it would have been obvious to one 
of ordinary skill in the art at the time the invention was made to include a fourth step to 
be conducted after the third step, of treating the oxide film with plasma based on a 
fourth process gas comprising hydrogen gas. 

1 3. As to claim 22, Ohmi I does not expressly disclose a fifth step to be conducted 
after the second step, of treating the oxide film with plasma based on a fourth process 
gas comprising hydrogen gas. However, Ohmi I discloses that the nitride, layer formed 
after the second step may be formed with a mixed gas of nitrogen and hydrogen to 
reduce the trapping of electrons or holes in the film (paragraphs 0077, 0092). 
Moreover, case law has held that the transposition of two steps or the splitting of one 
step into two steps, where the processes are substantially identical or equivalent in 
terms of function, manner and result, does not patentably distinguish the processes. Ex 
parte Rubin, 128' USPQ 440 (Bd. App. 1959); MPEP § 2144.04 (IV)(C). Ohmi I 
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simultaneously fomns and treats the silicon nitride film with nitrogen and hydrogen 
(paragraphs 0077, 0092). Thus, Applicants' fifth step to be conducted after the second 
step, of treating the oxide film, with plasma based on a fourth process gas comprising 
hydrogen gas is the splitting of one step into two steps, where the processes are 
substantially identical or equivalent in terms of function, manner and result. Therefore, 
it would have been obvious to one of ordinary skill in the art at the time the invention 
was made to include a fifth step to be conducted after the second step, of treating the 
oxide film with plasma based on a fourth process gas comprising hydrogen gas. 

14. As to claim 25, Ohmi I discloses a process for forming an insulating film on the 
surface of a substrate for electronic device, comprising: a second step of nitriding the 
substrate (11) with plasma based on a second process gas comprising at least a rare 
gas and nitrogen (paragraphs 0090-0091), to thereby form a nitride film thereon (12B) 
(paragraph 0095; Figure 10A-10B). 

1 5. Ohmi I does not expressly disclose a first step of cleaning the substrate with 
plasma based on a first process gas comprising at least a rare gas. Wolf I teaches that 
scrupulously clean wafers are critical for obtaining high yields for semiconductor 
fabrication (page 514). Mintz teaches a cleaning step comprising treatment based on 
plasma based (column 1, lines 15-18) on a process gas comprising at least a rare gas 
(column 6, lines 15-23). Therefore, it would have been obvious to one of ordinary skill 
in the art at the timie the invention was made to include a step of cleaning, and the 
cleaning step comprises treatment based on plasma based on a process gas 
comprising at least a rare gas. One who is skilled in the art would be motivated to 
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obtain a high yield and to adopt a method known to accomplish the tasl< of wafer 
cleaning. 

16. Mintz teaches that the first step is performed using plasma processing (column 6, 
lines 15-25). Ohmi I teaches that the second step is performed using plasma 
processing (paragraphs 0088-0091). Thus, the first and second steps are conducted 
under the same operation principle (plasma processing). 

1 7. As to claim 26, Mintz discloses that the first process gas comprises hydrogen gas 
(column 6, lines 21-23). 

18. As to claim 27, Mintz does not expressly disclose that the first step is conducted 
at a pressure of 7-133 Pa. However, Mintz discloses a pressure of 5.33 Pa (40 mTorr) 
(column 6, lines 15-16). It should be noted that this pressure range is similar to 
Applicants' pressure. Therefore, it would have been obvious to one of ordinary skill in 
the art at the time the invention was made to use a pressure of 7-1 33 Pa. One who is 
skilled in the art would be motivated to use a pressure similar to 5.33 Pa, which is 
known to be effective for wafer cleaning. 

1 9. As to claim 28, Mintz teaches that the first step is performed using plasma 
processing (column 6, lines 15-25). Ohmi I teaches that the second step is performed 
using plasma processing (paragraphs 0088-0091). Thus, the first and second steps are 
conducted under the same operation principle (plasma processing). 

20. As to claim 29, Ohmi I does not expressly disclose comprises a third step to be 
conducted after the second step, of oxidizing the nitride film with plasma based on a 
third process gas comprising at least a rare gas and oxygen. However, Ohmi I 
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discloses that a stacked nitride/oxide/nitride structure in place of oxide film (12A) and 
nitride film (12B). Ohmi I further discloses oxidizing the silicon with plasma based on a 
third process gas comprising at least a rare gas and oxygen (paragraph 0029). 
Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to include a third step to be conducted after the second step, of 
oxidizing the nitride film with plasma based on a third process gas comprising at least a 
rare gas and oxygen, because there is a suggestion of forming a stacked 
nitride/oxide/nitride structure in place of oxide film (12A) and nitride film (12B). 
21 . As to claim 30, Ohmi I does not expressly disclose a fourth step to be conducted 
after the third step, of treating the oxide film with plasma based on a fourth process gas 
comprising hydrogen gas. However, Ohmi I discloses that the nitride layer fomied in 
the third step may be formed with a mixed gas of nitrogen and hydrogen to reduce the 
trapping of electrons or holes in the film (paragraphs 0077, 0092). Moreover, case law 
has held that the transposition . of two steps or the splitting of one step into two steps, 
where the processes are substantially identical or equivalent in terms of function, 
manner and resiult, does not patentably distinguish the processes. Ex parte Rubin, 128 
USPQ 440 (Bd. App. 1959); MPEP § 2144.04 (IV)(C). Ohmi I simultaneously forms and 
treats the silicon nitride film with nitrogen and hydrogen (paragraphs 0077, 0092). 
Thus, Applicants' fourth step to be conducted after the third step, of treating the oxide 
film with plasma based on a fourth process gas comprising hydrogen gas is the splitting 
of one step into two steps, where the processes are substantially identical or equivalent 
in terms of function, manner and result. Therefore, it would have been obvious to one 
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of ordinary skill in the art at the time the invention was made to include a fourth step to 
be conducted after the third step, of treating the oxide film with plasma based on a 
fourth process gas comprising hydrogen gas. 

22. As to claim 31 , Ohmi I does not expressly disclose a fifth step to be conducted 
after the second step, of treating the oxide film with plasma based on a fourth process 
gas comprising hydrogen gas. However, Ohmi I discloses that the nitride layer formed 
after the second step may be formed with a mixed gas of nitrogen and hydrogen to 
reduce the trapping of electrons or holes in the film (paragraphs 0077, 0092). 
Moreover, case law has held that the transposition of two steps or the splitting of one 
step into two steps, where the processes are substantially identical or equivalent in 
terms of function, manner and result, does not patentably distinguish the processes. Ex 
parte Rubin, 128 USPQ 440 (Bd. App. 1959); MPEP § 2144.04 (IV)(C). Ohmi I 
simultaneously forms and treats the silicon nitride film with nitrogen and hydrogen 
(paragraphs 0077, 0092). Thus, Applicants' fifth step to be conducted after the second 
step, of treating the oxide film with plasma based on a fourth process gas comprising 
hydrogen gas is the splitting of one step into two steps, where the processes are 
substantially identical or equivalent in terms of function, manner and result. Therefore, 
it would have been obvious to one of ordinary skill in the art at the time the invention 
was made to include a fifth step to be conducted after the second step, of treating the 
oxide film with plasma based on a fourth process gas comprising hydrogen gas. 

23. As to claim 54 and 55, Ohmi I discloses that the plasma is generated using 
microwave irradiation (paragraph 0042). 
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24. As to claim 64 and 65, Ohmi I discloses that the insulating film is a gate insulator 
(paragraph 0088). 

25. As to claims 71 and 72, Ohmi I does not expressly disclose that the substrate is 
subjected to wet cleaning prior to the plasma cleaning in the first embodiment. Wolf I 
teaches that scrupulously clean wafers are critical for obtaining high yields for 
semiconductor fabrication (page 514). In the second embodiment, Ohmi I discloses that 
the substrate is subjected to wet cleaning ("RCA cleaning process," paragraphs 0105). 
Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to subject the substrate to wet cleaning prior to the plasma 
cleaning. One who is skilled in the art would be motivated to obtain a high yield and to 
adopt a method known to accomplish the task of wafer cleaning. 

Claim Rejections '35 use §103 

26. Claims 23, 24, 32, 33, and 56-59 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Ohmi, in view of Wolf I, in further view of Mintz, in further view of 
Wolf, Silicon Processing for the VLSI Era, Vol. 4, Lattice Press (2002) ("Wolf IV"). 

27. As to claim 23, Ohmi I does not expressly disclose a step to be conducted after 
the fourth step, of forming a High-k film. Ohmi I discloses that additional layers may be 
formed after oxide film (12A) and nitride film (12B) (paragraph 0100). Thus, there is a 
suggestion of forming an additional dielectric layer over (12A/12B) (paragraph 0100). 
Wolf IV further teaches a need for high-k dielectrics (k > 7) in metal-oxide- 
semiconductor field effect transistors, due to the increase in undesirable tunneling 
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effects associated with thinner gate oxides, a result of device miniaturization (page 
145). Wolf also teaches that many important high-k materials are currently under 
investigation as a replacement for silicon oxide as a gate dielectric (pages 145-46). 
Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to include a step to be conducted after the fourth step for forming a 
High-k film. One who is skilled in the art would be motivated to find a high-k material 
replacement for silicon oxide as a gate dielectric to reduce the undesirable tunneling 
effects. 

28. As to claims 24 and 33, Ohmi I does not expressly disclose a step to be 
conducted after the fifth step, of forming a High-k film. Ohmi I discloses that additional 
layers may be formed after oxide film (12A) and nitride film (12B) (paragraph 0100). 
Thus, there is a suggestion of forming an additional dielectric layer over (12A/12B). 
Wolf IV further teaches a need for high-k dielectrics (k > 7) in metal-oxide- 
semiconductor field effect transistors, due to the increase in undesirable tunneling 
effects associated with thinner gate oxides, a result of device miniaturization (page 
145). Wolf also teaches that many important high-k materials are currently under 
investigation as a replacement for silicon oxide as a gate dielectric (pages 145-46). 
Therefore, it would have been obvious to one of ordinary skill in the art at the time the 
invention was made to include a step to be conducted after the fifth step for forming a 
High-k film. One who is skilled in the art would be motivated to find a high-k material 
replacement for silicon oxide as a gate dielectric to reduce the undesirable tunneling 
effects. 
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29. As to claim 32, Ohmi I does not expressly disclose a step to be conducted after 
the fourth step, of forming a High-k film. Ohmi I discloses that additional layers may be 
formed after oxide film (12A) and nitride film (12B) (paragraph 0100). Thus, there is a 
suggestion of forming an additional dielectric layer over (12A/12B). Wolf IV further 
teaches a need for high-k dielectrics (k > 7) in metal-oxide-semiconductor field effect 
transistors, due to the increase in undesirable tunneling effects associated with thinner 
gate oxides, a result of device miniaturization (page 145). Wolf also teaches that many 
important high-k materials are currently under investigation as a replacement for silicon 
oxide as a gate dielectric (pages 145-46). Therefore, it would have been obvious to one 
of ordinary skill in the art at the time the invention was made to include a step to be 
conducted after the fourth step for forming a High-k film. One who is skilled in the art 
would be motivated to find a high-k material replacement for silicon oxide as a gate 
dielectric to reduce the undesirable tunneling effects. 

30. As to claims 56-59, Ohmi I does not expressly disclose the High-k film comprises 
at least one material selected from the group consisting of AI2O3, ZrOa, Hf02, Ta205, 
silicates and aluminates. However, Wolf IV teaches that important high-k materials for 
metal-oxide-semiconductor field effect transistors include AI2O3, Zr02, Hf02, and Ta205 
(Table 4-1, page 146). Therefore, it would have been obvious to one of ordinary skill in 
the art at the time the invention was made use the High-k film comprises at least one 
material selected from the group consisting of AI2O3, Zr02, Hf02, Ta205. One who Is 
skilled in the art would be motivated to select a high-k material that is recognized as an 
important material for metal-oxide-semiconductor field effect transistor applications. 
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Claim Rejections - 35 USC § 103 

31 . Claims 52 and 53 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Ohm! I, in view of Wolf I, in further view of Mintz, in further view of Ohmi et al. (U.S. 
Patent No. 6,357,385) ("Ohmi 11"). 

32. As to claims 52 and 53, Ohmi I discloses that the plasma is generated by using a 
plane antenna member (106) (paragraph 0043). Ohmi I does not expressly disclose a 
plane antenna member having a plurality of slots. Ohmi II discloses a plane antenna 
member (201) with a plurality of slots (110) (column 19, lines 43-48; Figure 2). Ohmi II 
further discloses that the plurality of slots (110) result in the more uniform radiation of 
electromagnetic waves (column 19, lines 49-61) for the creation of a plasma (column 
20, lines 7-11). Therefore, it would have been obvious to one of ordinary skill in the art 
at the time the invention was made to use a plane antenna member having a plurality of 
slots. One who Is skilled in the art would be motivated In creating a more uniform 
radiation of electromagnetic waves for the creation of a plasma. 

Claim Rejections - 35 USC § 103 

33. Claims 60-63 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Ohmi, in view of Wolf I, in further view of Mintz, in further view of Wolf IV, in further view 
of Hallyal et al. (U.S. Patent No. 6,451 ,641 ). 

34. As to claims 60-63, Ohmi does not expressly disclose that the High-k film is a 
silicate or aluminate, wherein the silicate is ZrSiO or HfSiO or the aluminate is ZrAIO. 
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Hallyal discloses the hafnium silicate (or HfSiO) is a high-k material (column 3, lines 20- 
32) suited for a gate dielectric (column 2, lines 33-34). Therefore, it would have been 
obvious to one of ordinary skill in the art at the time the invention was made to use 
HfSiO as the high-k film. One who is skilled in the art would be motivated to find a high- 
k material replacement for silicon oxide as a gate dielectric to reduce the undesirable 
tunneling effects, and to use a material known to be effective as a gate dielectric. 

Response to Arguments 

42. Applicant's arguments filed 5/29/07 have been fully considered but they are not 
persuasive. 

Applicant's argument that applied prior art doesn't describe the cleaning and 
oxidizing (or nitriding) steps are done in the same vessel is acknowledged. However, it 
would be obvious for one skilled in the art to do so because the cleaning and oxidizing ( 
or nitriding) steps uses a same rare gas. Furthermore, the steps are done on a same 
substrate, doing all the steps on a same substrate in one chamber would protect the 
substrate from the contaminations from outside environment, save processing time 
(there is no transferring step), and therefore, save cost and increase product yield. 

Conclusion 

43. Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 
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§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 
CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Duy-Vu N. Deo whose telephone number is 571-272- 
1462. The examiner can normally be reached on Mon-Fri. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nadine Norton can be reached on 571-272-1465. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding tlie status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status infomnation for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 

Duy-Vu N Deo . 
Primary Examiner 
Art Unit .1765 

8/20/07 




